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ABSTRACT 

About  500 ionograms o b t a i n e d  w i t h  t h e  A l o u e t t e  s a t e l l i t e  
have been  u s e d  t o  c o n s t r u c t  t h e  mean d i u r n a l  v a r i a t i o n  of t h e  

m i d - l a t i t u d e  t o p s i d e  i o n o s p h e r e .  S i n c e  t h i s  d i u r n a l  v a r i a t i o n  
i s  based on o b s e r v a t i o n s  f rom Oc tobe r  t o  December 1962 ,  q u a s i -  
s e a s o n a l  e f f e c t s  had t o  be removed. The data are p r e s e n t e d  
i n  fo rm o f  e l e c t r o n  d e n s i t y  c o n t o u r s  at  f ixed  a l t i t u d e s  f o r  
two l a t i t u d e  r a n g e s ,  35'N - 40"N and  40% - 45'N. 
l a t i t u d e  r a n g e s ,  w h i c h  are a p p r o x i m a t e l y  s e p a r a t e d  a t  t h e  

75OW m e r i d i a n  by t h e  70' m a g n e t i c  d i g  l i n e ,  show remarkable 
d i f f e r e n c e s  i n  t he  d e t a i l e d  b e h a v i o r  of e l e c t r o n  d e n s i t y  as 
a f u n c t i o n  of t i m e  a n d  a l t i t u d e .  From t h e  scale h e i g h t s  of 
t h e s e  mean d i s t r i b u t i o n s ,  it is a p p a r e n t  t h a t  t he re  i s  a b s e n c e  
o f  thermal e q u i l i b r i u m ,  a t  l ea s t  d u r i n g  t h e  day, and t h a t  l i g h t  
i o n i c  c o n s t i t u e n t s  become i m p o r t a n t  i n  t h e  a l t i t u d e  r e g i o n  
f r o m  500 km t o  1000 k m ,  e s p e c i a l l y  d u r i n g  t h e  n i g h t .  I n  
a d d i t i o n ,  t h e r e  i s  t h e  s u g g e s t i o n  of l a t i t u d e  g r a d i e n t s  i n  
t h e  e l e c t r o n  t e m p e r a t u r e  a n d  m a n  i o n i c  m a s s .  I 

These two 
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INTRODUCTION 

P r i o r  t o  t h e  l a u n c h i n g  of  t h e  Canad ian  t o p s i d e  s o u n d e r  
s a t e l l i t e  A l o u e t t e ,  o u r  knowledge o f  t h e  v e r t i c a l  s t r u c t u r e  of  
t h e  i o n o s p h e r e  above  t h e  F2 peak w a s  based on o c c a s i o n a l  r o c k e t  
f l i g h t s  a n d  i n c o h e r e n t  radar backsca t te r  o b s e r v a t i o n s  f rom t h e  
g r o u n d ,  b o t h  o f  wh ich  are l i m i t e d  t o  s p e c i f i c  l o c a t i o n s .  The 
t o p s i d e  s o u n d e r  s a t e l l i t e  p r o v i d e s  u s  f o r  the f i r s t  t i m e  w i t h  

a t ,ool f o r  t h e  s t u d y  of t h e  t o p s i d e  i o n o s p h e r e  and  i t s  varia- 
t i o n  w i t h  l a t i t u d e  - and  t i m e .  S i n c e  t h e  t o p s i d e  s o u n d e r  o p e r a t e s  
o n l y  on command, o b s e r v a t i o n s  are r e s t r i c t e d  t o  t i m e s  when t h e  

s a t e l l i t e  i s  w i t h i n  a p p r o p r i a t e  r a n g e  o f  a te lemetry a.nd command 
s t a t i o n .  W e  have made u s e  of s o u n d i n g s  o f  t h e  t o p s i d e  iono-  
s p h e r e  t a k e n  w h i l e  t h e  s a t e l l i t e  w a s  w i t h i n  r a n g e  o f  t h e  NASA 
telemetry s t a t i o n  at  Blossom P o i n t ,  Maryland.  The  l a t i t u d e  
c o v e r a g e  o b t a i n a b l e  from t h i s  s t a t i o n  i s  be tween  20°N a.nd 55'N. 
W e  h a v e  c o n c e n t r a t e d  on t h e  s tudy o f  ionograms o b t a i n e d  a t  m i d -  

l a t i t u d e s  (35'N t o  45 'N),  f o r  which o u r  data w e r e  most  c o m p l e t e .  
A s  t he  r e s u l t  of t h e  o r b i t a l  c h a r a c t e r i s t i c s  of  t h e  A l o u e t t e  
s a t e l l i t e  a n d  combining  n o r t h -  and  s o u t h w a r d  p a s s e s ,  a b o u t  t h r e e  
months a re  r e q u i r e d  t o  o b t a i n  a c o m p l e t e  d i u r n a l  v a r i a t i o n  of 
the i o n o s p h e r i c  p a r a m e t e r s .  T h i s  p a p e r  p r e s e n t s  t h e  mean d i u r n a l  
b e h a v i o r  o f  t he  m i d - l a t i t u d e  t o p s i d e  i o n o s p h e r e  f o r  t h e  t h ree -  

month p e r i o d  f r o m  O c t o b e r  t o  December 1962.  
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DIURNAL VARIATION O F  ELECTRON DENSITY AT CONSTANT ALTITUDES 

About 500 ionograms t a k e n  on m a g n e t i c a l l y  q u i e t  days 

d u r i n g  t h e  f irst  t h r e e  months o f  A l o u e t t e ' s  o p e r a t i o n  a n d  
c o v e r i n g  t h e  l a t i t u d e  r a n g e  f rom 30°N t o  5 0 ° N  ( a n d  l o n g i t u d e s  
5OoW t o  1OOoW) were se lec ted  f o r  t h e  p r e s e n t  s t u d y .  
i oncgrams  w e r e  c o n v e r t e d  t o  e l z c t r o n - d e n s f t y  p r o f i l e s  by mea.ns 
of  the  e x p o n e n t i a l  l a m i n a t i o n  method descr ibed by F i t z e n r e i t e r  
- a n d  Blumle ,  ( 1 9 6 4 ) .  
the  t o p s i d e  i o n o s p h e r e ,  a p r e s e n t a t i o n  i n  terms o f  e l e c t r o n  
d e n s i t y  a t  c o n s t a n t  a l t i t u d e s  w a s  . chosen .  I n  t h i s  w a y  a mean 
b e h a v i o r  c o u l d  bes t  be d e f i n e d  f rom t h e  l a r g e  number of data 

p o i n t s .  It became a p p a r e n t  t h a t  b e c a u s e  of the  l a t i t u d e  
v a r i a t i o n  o f  t h e  t o p s i d e  i o n o s p h e r e ,  l a t i t u d e  r a n g e s  o f  n o t  
more t h a n  5' l a t i t u d e  s h o u l d  b e  u s e d ,  o t h e r w i s e  t h e  s p r e a d  i n  
t he  e l e c t r o n  d e n s i t y  data p o i n t s  at  c o n s t a n t  a l t i t u d e s  would 
o f t e n  be g r e a t e r  t h a n  t h e  s e p a r a t i o n  of e l e c t r o n  d e n s i t y  
c o n t o u r s  a t  s u c c e s s i v e  100 km a l t i t u d e  i n c r e m e n t s .  S i n c e  
be low 35'N a n d  above  45'N t h e  data available were n o t  s u f f i c i e n t  
t o  d e f i n e  a c o m p l e t e  d i u r n a l  v a r i a t i o n ,  o n l y  t h e  two l a t i t u d e  
r a n g e s  f rom 35'N t o  40°N and from 40' t o  45'N w i l l  be p r e s e n t e d  
i n  t h i s  p a p e r .  The llmeanll c o n t o u r s  o f  e l e c t r o n  d e n s i t y  a t  100 k m  

h e i g h t  i n t e r v a l s  are based on i n d i v i d u a l  data p o i n t s ;  the  maximum 
s p r e a d  of i n d i v i d u a l  data p o i n t s  a round  t h e  d e n s i t y  c o n t o u r s  a t  
f i xed  h e i g h t s  i s  of t he  o r d e r  o f  525%. F i g u r e  1 shows a n  example  
of  s u c h  mean c o n t o u r s  every 200 k m  u p  t o  t h e  s a t e l l i t e  a l t i t u d e  
f o r  the l a t i t u d e  r a n g e  40°N t o  45'N. It can be s e e n  t h a t  t hese  

The 

F o r  t h e  s tudy o f  t h e  d i u r n a l  b e h a v i o r  of 
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mean c o n t o u r s  have some o s c i l l a t i o n s  superimposed which need 
n o t  r e p r e s e n t  a c t u a l  d i u r n a l  b e h a v i o r ,  s i n c e  t h e  e n t i r e  “ d i u r n a l ’ ’  
v a r i a t i o n  i s  based on three months of data. Thus ,  t h e  mean 
c o n t o u r s  p r e s e n t e d  i n  F i g u r e  1 w i l l  a l s o  i n c l u d e  q u a s i - s e a s o n a l  
e f f e c t s ,  e . g . ,  the  27 day c y c l e .  T h i s  becomes q u i t e  a p p a r e n t ,  

i f  t he  f l u x  of the  s o l a r  10 .7  cm r a d i a t i o n ,  S lOs7 ,  which i s  a n  
i n d i c a t o r  of  s o l a r  a c t i v i t y .  i s  p l o t t e d  f o r  t h e  days correspond- 
i n g  t o  t h e  i n d i v i d u a l  data p o i n t s  f o r  e l e c t r o n  d e n s i t y  a t  t h e  
i n d i c a t e d  l o c a l  t imes.  
p l o t t e d  i n  t h e  t o p  p o r t i o n  o f  F i g u r e  1 a n d  it i s  e v i d e n t  t h a t  
t he  e l e c t r o n  d e n s i t y  a t  fixed a l t i t u d e s  b e h a v e s  i n  a similar 
f a s h i o n .  A t  f i r s t ,  i t  may seem s u r p r i s i n g  t h a t  t h e  t o p s i d e  
e l e c t r o n  d e n s i t y  s h o u l d  be c l o s e l y  r e l a t e d  t o  t h e  1 0 . 7  c m  f l u x  
from t h e  s u n ,  s i n c e  there  i s  no o b v i o u s  c o r r e l a t i o n  o f  t h i s  

parameter w i t h  t h e  d e n s i t y  a t  t h e  F2 peak ,  o r  be low.  However,  

i t  s h o u l d  be r e a l i z e d  t h a t  a t  lower  a l t i t u d e s  where p r o d u c t i o n  
a n d  l o s s  of  i o n i z a t i o n  p l a y  a predominant  r o l e ,  t h e  d e t a . i l e d .  
cnzk-e l a t ion  of  e l e c t r o n  d e n s i t y  w i t h  s h o r t  term s o l a r  v a r i a t i o n s  
as i n d i c a t e d  by the  1 0 . 7  c m  f lux  may be o b s c u r e d  by t h e  fact  
t h a t  b o t h ,  p r o d u c t i o n  and  l o s s  a re  affected by t h e  v a r i a t i o n  o f  
t h e  a p p r o p r i a t e  n e u t r a l  c o n s t i t u e n t s  and  is  t h u s  e f f ec t ive ly  
c a n c e l l e d  o u t .  
d i s t r i b u t i o n  i s  c o n t r o l l e d  by d i f f u s i o n ,  and  t h u s  by t h e  sca le  
h e i g h t ,  t h i s  e f f e c t  may a p p e a r  more d i r e c t l y  s i n c e  t h e  scale h e i g h t  
a n d  t e m p e r a t u r e  aae known t o  be  d i r e c t l y  c o r r e l a t e d  w i t h  t h e  

10.7 c m  f l u x .  C o r r e s p o n d i n g l y ,  t he  l l s e a s o n a l f f  e f f e c t  s u p e r i m p o s e d  
on t h e  d i u r n a l  v a r i a t i o n  w a s  removed u s i n g  t h e  b e h a v i o r  o f  t h e  
10 .7  c m  s o l a r  f l u x  as a n  i n d i c a t o r  a n d  n o r m a l i z i n g  t h e  mean 

The smoothed  v a r i a t i o n  o f  S lOa7  i s  

A t  a l t s t u d e s  above t h e  F2 p e a k ,  w h e r e  t h e  

- 3 -  



d i u r n a l  v a r i a t i o n  t o  a c o n d i t i o n  o f  SlOsi = 8 5 ~ 1 O - ~ ~ W , / m  2 /ens= 

T h i s  w a s  a c c o m p l i s h e d  by making a p e r c e n t a g e  c o r r e c t i o n  o f  t h e  

e l e c t r o n  d e n s i t y  c o n t o u r s  a , p p r o p r i a t e  t o  t h e  v a r i a t i o n  of  
The mean d i u r n a l  v a r i a t i o n  o f  e l e c t r o n  d e n s i t y  a t  '10.7' 

f ixed a l t i t u d e s ,  co r rec t ed  f o r  q u a s i - s e a s o n a l  e f f e c t s ,  is shown 
i n  F i g u r e  2 f o r  t h e  l a t i t u d e  r a n g e  35'N t o  40°N and  i n  F i g u r e  3 

f o r  40°N t o  45'N. 

r a n g e s  are v i r t u a l l y  i d e n t i c a l ,  t h e  e l e c t r o n  d e n s i t y  c o n t o u r s  
show a q u i t e  d i f f e r e n t  b e h a v i o r  d u r i n g  t h e  res t  of  t h e  day. 
(The f a c t  t h a t  t he re  are n o  data be tween 2200 and  2400 LMT 
i s  t h e  r e s u l t  o f  p o o r  pe r fo rmance  o f  t h e  t o p s i d e  s o u n d e r  
d u r i n g  these  n i g h t  h o u r s  as t h e  r e s u l t  o f  leakage o f  t e r r e s t r i a l  
n o i s e  which  c a u s e s  b l o c k i n g  of t h e  r ece ive r  ( A t k i n s  a n d  Chapman, 

1963)) .  I n  compar ing  t h e  b e h a v i o r  of t h e  mean d i u r n a l  v a r i a t i o n  
a t  t h e  two l a t i t u d e  r a n g e s ,  wh ich  c a n  be termed i n  t h e  geo- 
g r a p h i c a l  s e n s e  as - m i d - l a t i t u d e s ,  o n e  has t o  k e e p  i n  mind ,  t h a t  

m a g n e t i c a l l y  t h i s  l a t i t u d e  r a n g e  a t  t h e  75OW m e r i d i a n  i s  already 
r e p r e s e n t a t i v e  of  r a t h e r  h i g h  d i p  a n g l e s ;  e . g . ,  a t  39'N, 75%,  

t h e  m a g n e t i c  d i p  i s  I = 70'. 
r e s e n t s  somewhat o f  a boundary  be tween "normal"  and  "auroral! '  
t y p e  o f  i o n o s p h e r e .  T h i s  is d e f i n i t e l y  e v i d e n c e d  i n  t h e  b e h a v i o r  
o f  s p r e a d  F (Calver t  - a n d  Schmid, 1964)  and  t h u s  i s  p o s s i b l y  
a l s o  i n d i c a t i v e  of t h e  r o l e  of c o r p u s c u l a r  e f f e c t s  i n  t h e  iono-  
sphere ( c f .  M a r i a n i ,  1963). S imi l  ar c o n c l u s i o n s  have b e e n  drawn 
on t h e  basis of a comprehens ive  s t u d y  of t h e  b e h a v i o r  of t h e  
"bot@ornsidef '  i o n o s p h e r e  ( W r i g h t ,  1 9 6 2 ) .  The d i f f e r e n t  behavior  
of  t h e  t o p s i d e  i n  t h e  two l a t i t u d e  r a n g e s ,  which  a re  o n l y  5' 

a p a r t ,  yet i n c l u d e  t h e  "dip-boundary" c a n  bes t  be i l l u s t r a t e d  by 

While t h e  daytime v a l u e s  f o r  t h e  two l a t i t u d e  

- - 

It  a p p e a r s  t h a t  t h i s  d i p  r e p -  
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compar ing  t he  a m p l i t u d e  of t h e  d i u r n a l  v a r i a t i o n  a t  se lec ted  
f i x e d  h e i g h t s  at  t h e  35'N t o  40°N l a t i t u d e  r a n g e  w i t h  t h a t  at  
40°N t o  45'N. T h i s  i s  shown i n  F i g u r e  4 ,  where t h e  n o r m a l i z e d  
e l e c t r o n  d e n s i t y ,  i . e .  t he  r a t i o  o f  e l e c t r o n  d e n s i t y  at a 
p a r t i c u l a r  l o c a l  t i m e  t o  t h e  mi4imum v a l u e  o f  e l e c t r o n  d e n s i t y  
a t  s e l ec t ed  a l t i t u d e s  i s  p l o t t e d  as a f u n c t i o n  of  l o c a l  mean 
t i m e  f o r  b o t h  l a t i t u d e  r a n g e s .  It i s  q u i t e  o b v i o u s  t h a t  t h e  

d i u r n a l  a m p l i t u d e  i s  d e c r e a s i n g  w i t h  a l t i t u d e  f o r  t h e  l a t i t u d e s  
35'N t o  4 0 ° N ,  w h i l e  f o r  4 0 ° N  t o  45'N t h e  d i u r n a l  a m p l i t u d e  i s  
v i r t u a l l y  i n d e p e n d e n t  o f  a l t i t u d e .  F u r t h e r m o r e ,  t h e  a b p o l u t e  
v a l u e  o f  t h e  a m p l i t u d e  a t  400 km i s  h i g h e r  a t  35'N t o  4 0 ° N  t h a n  
a t  40°N t o  45'N. 

l a t i t u d e s  3 5 O N  t o  40°N as a f u n c t i o n  o f  a l t i t u d e  i s  q u a l i t a t i v e l y  
what is e x p e c t e d  f rom t h e o r e t i c a l  c o n s i d e r a t i o n s  ( G l i d d o n  a n d  
K e n d a l l ,  1 9 6 2 ) ,  however  t h e  a c t u a l  decrease w i t h  a l t i t u d e  o f  
t h e  r a t i o  o f  maximum t o  minimum d e n s i t y  f r o m  a v a l u e r d f  4 a t  
400 km t o  a v a l u e  o f  2 . 3  at  1000 km i s  s t i l l  much s l o w e r  t h a n  
t h e o r e t i c a l  estimates. It s h o u l d  be n o t e d ,  however, t h a t  
a l t h o u g h  the  t h e o r e t i c a l  model o f  t h e  F2 r e g i o n  by Gl idqon  a n d  
K e n d a l l  i s  based on the  s o l u t i o n  o f  tge t ime-dependen t  c o n t i n u i t y  
e q u a t i o n ,  i t  i s  n o t  s t r i c t l y  a p p l i c a b l e  t o  t h e  t o p s i d e  i o n o s p h e r e  
b e c a u s e  it assumes  a n  i s o t h e r m a l  a t m o s p h e r e  whose t e m p e r a t u r e  
a l s o  d o e s  n o t  show a d i u r n a l  v a r i a t i o n .  It is q u i t e  e v i d e n t  
f r o m  F i g u r e  4 t h a t  t h e  d i u r n a l  b e h a v i o r  o f  t h e  t o p s i d e  i o n o s p h e r e ,  
e s p e c i a l l y  a t  l a t i t u d e s  g r e a t e r  t h a n  40°N, i s  q u i t e  d i f f e r e n t  
f r o m  s i m p l e  model c o n c e p t s .  The r e a s o n  f o r  the  d i s c r e p a n c i e s  is 
o b v i o u s l y  t he  i m p o r t a n c e  of a v a r i a b l e  scale  h e i g h t  as t h e  r e s u l t  
o f  d i u r n a l  v a r i a t i o n  df t e m p e r a t u r e ,  a b s e n c e  of t h e r m a l  e q u i l i -  
b r i u m  be tween  e l e c t r o n s  a n d  i o n s  a n d  a v a r y i n g  i o n  c o m p o s i t i o n .  

The v a r i a t i o n  o f  t h e  d i u r n a l  a m p l i t u d e  a t  
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The above c o n c l u s i o n  t h a t  a var iab le  scale  h e i g h t  i s  i n d e e d  

r e s p o n s i b l e  f o r  t h e  a l t i t u d e  b e h a v i o r  o f  t h e  d i u r n a l  a m p l i t u d e  
of e l e c t r o n  d e n s i t y  a t  fixed l e v e l s ,  i s  more r ead i ly  a p p a r e n t  
i n  ffmean" v e r t i c a l  p r o f i l e s  o f  e l e c t r o n  d e n s i t y  ( d e r i v e d  f rom 
c r o s s  s e c t i o n s  o f  the e l e c t r o n  d e n s i t y  c o n t o u r s  at f ixed  
h e i g h t s ,  as shown i n  F i g u r e s  2 a n d  3 ) .  F i g u r e  5 shows s u c h  
me an f? p r o f i l e s  f o r  the two l a t i t u d e  r a n g e s  a t  0400 Ui'F a n d  I1 

1400 LMT, t he  t i m e s  c o r r e s p o n d i n g  t o  t h e  d i u r n a l  minimum 
and  maximum of t he  a t m o s p h e r i c  t e m p e r a t u r e .  The problears  
c o n c e r n i n g  a var iable  sca le  h e i g h t  o f  t h e  t o p s i d e  i o n o s p h e r e  
and  the i m p l i c a t i o n s  f rom t h e  o b s e r v a t i o n s  p r e s e n t e d  h e r e  w i l l  
be d i s c u s s e d  i n  the f o l l o w i n g  s e c t i o n .  

DERIVED QuANTITTF;S : SCALE EIEItiHT, ELECTRON TEMPERATURE AXD 
I O N  COWQSITIQN 

T h e  s p a c i n g  o f  e l e c t r o n  d e n s i t y  c o n t o u r s  at  f ixed a l t i -  
t u d e s  shown i n  F i g u r e s  2 and 3 is  a measure  o f  t h e  scale h e i g h t  
o f  t h e  e l e c t r o n - i o n  g a s .  It i s  w e l l  known t h a t  i n  t h e  t o p s i d e  
i o n o s p h e r e  t h i s  scale h e i g h t  i s  g i v e n  by 

w h e r e  k i s  B o l t z m a n n ' s  c o n s t a n t ,  Te and T i  a re  t h e  e l e c t r o n  and 
i o n  t e m p e r a t u r e  r e s p e c t i v e l y ,  m+ i s  t h e  mean i o n i c  mass and g 
i s  t h e  a c c e l e r a t i o n  o f  g r a v i t y .  From t h e  d i u r n a l  v a r i a t i o n  
o f  t h e  mean e l e c t r o n  d e n s i t y  c o n t o u r s  i t  i s  t h u s  a l s o  p o s s i b l e  
t o  i n f e r  t h e  d i u r n a l  v a r i a t i o n  of  t h e  sca le  h e i g h t .  F i g u r e  6 

shows t h e  scale  h e i g h t  H '  at a n  a l t i t u d e  of  500 k m  f o r  t h e  two 
l a t i t u d e  r a n g e s  u n d e r  c o n s i d e r a t i o n  as a f u n c t i o n  of  l o c a l  mean 
t i m e .  I n  a d d i t i o n ,  a scale i s  g i v e n  f o r  t h e  e f feckive  c h a r g e d  
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p a r t i c l e  t e m p e r a t u r e  (Te+Ti)/2, a s s u m i n g  a mean i o n i c  mass 

g i v e n  a % t i t u d e ,  at  leas t  d u r i n g  t h e  daytime. I n  examin ing  
t h e  v a r i a t i o n  of H '  as a f u n c t i o n  of l o c a l  t i m e  one  has t o  
k e e p  i n  mind tha t  t h i s  v a r i a t i o n  i s  t h e  r e s u l t  of v a r i a t i o n  
i n  e l e c t r o n -  a n d  i o n - t e m p e r a t u r e ,  and  i o n  c o m p o s i t i o n .  
R e f e r r i n g  t o  t h e  t e m p e r a t u r e  sca le ,  it i s  o b v i o u s  t h a t  t h e  
e f f e c t i v e  charged p a r t i c l e  t e m p e r a t u r e  i s  i n  excess of  t h e  
n e u t r a l  gas t e m p e r a t u r e  T f o r  t h e  g i v e n  th ree -mon th  p e r i o d ,  
when Tn was  a b o u t  lOOO'K d u r i n g  t h e  day, and  a b o u t  700°K 

a t  n i g h t  (c$. N i c o l e t ,  1 9 6 3 ) .  Thus ,  it i s  q u i t e  e v i d e n t  
t h a t  thermal  e q u i l i b r i u m  i s  a b s e n t ,  a t  least d u r i n g  t h e  day 

(when m+ = 1 6  may be a r e a s o n a b l y  good a s s u m p t i o n ) .  
assume t h a t  Ti = T n e 
is  of the  order  of 2000°K d u r i n g  most  of t h e  day w i t h  a n  
e v e n  h i g h e r  v a l u e  a r o u n d  0900 I". 
t h e n  Te i s  r e d u c e d  p r o p o r t i o n a t e l y ;  t h u s ,  the  above v a l u e  
r e p r e s e n t s  a n  u p p e r  l i m i t ) .  It is  i n t e r e s t i n g  t o  n o t e ,  
t h a t  a c t u a l  measu remen t s  of Te n e a r  t h e  F2 peak  f o r  t h e  
same l a t i t u d e  r a n g e  o b t a i n e d  from Blossom P o i n t  t e lemet ry  
r e a d - o u t s  of t h e  S-6 aeFonomy s a t e l l i t e  ( B r a c e ,  S p e n c e r  
- a n d  D a l g a r n o ,  1964) d u r i n g  s p r i n g  a n d  summer of 1963, are i n  
e x c e l l e n t  a g r e e m e n t  w i t h  o u r  i n f e r r e d  e l e c t r o n  t e m p e r a t u r e s .  
Even t he  maximum at 0900 LMT and t h e  s u b s e q u e n t  p l a t e a u - i i n  
t he  e l e c t r o n  t e m p e r a t u r e  a p p e a r  i n  both data. T h u s ,  we  are 
c o n f i d e n t ,  t h a t  o u r  a s s u m p t i o n s  are r e a s o n a b l e .  F u r t h e r m o r e ,  
there  is t h e  s u g g e s t i o n  of a l a t i t u d e  g r a d i e n t  i n  t h e  scale 
he ight  d u r i n g  t he  day when w e  are able t o  i n f e r  e l e c t r o n  t e m p e r a t u r e  

= 16. The l a t t e r  a s s u m p t i o n  may be j u s t i f i a b l e  a t  t h e  m+ 

-- -- 

n 

If w e  
l o O O o ,  t h e  e l z z t r o r i  t e m p e r a t u r e  T 

( I f  m+ is  less t h a n  16,  
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The e l e c t r o n  t e m p e r a t u r e  a p p e a r s  t o  be h i g h e r  a t  l a t i t u d e s  
g r e a t e r  t h a n  40*N t h a n  be low t h a t ,  a c o n c l u s i o n ,  a g a i n  i n  
a g r e e m e n t  w i t h  the  a c t u a l  measurements  o f  e l e c t r o n  t e m p e r a t u r e  
by Brace -- e t  a1 ( 1 9 6 4 ) .  
(0200 0500 LMT) t h e  e l e c t r o n - i o n  scale h e i g h t  H'  i s  h i g h e r  
t h a n ,  o r  at  least  comparab le  t o ,  t h e  daytime v a l u e s .  T h i s  

c a n n o t  be e x p l a i n e d  i n  terms of t e m p e r a t u r e  s i n c e  t h e r e  is 
good r e a s o n  t o  be l ieve  t h a t  a t m o s p h e r i c  h e a t i n g  - is  l o w e r  
a t  n i g h t  ( a s suming  t h a t  t h e  main h e a t  s o u r c e  i s  s o l a r  EUV 
w i t h  a p o s s i b l y  c o n s t a n t ,  c o r p u s c u l a r  component supe r  imposed 
on i t ) .  The more p l a u s i b l e  e x p l a n a t i o n  i s  t h a t  t h e  l a r g e  
sca le  h e i g h t  d u r i n g  t h i s  t i m e  p e r i o d  i s  t h e  r e s u l t  o f  a 
change  i n  t h e  i o n  c o m p o s i t i o n ,  i n d i c a t i n g  t h e  p r e s e n c e  o f  
the  l i g h t e r  i o n i c  c o n s t i t i i e n t , s  H e  and H+.  The l a t i t u d i n a l  
g r a d i e n t  i n  scale h e i g h t  i s  r e v e r s e d  d u r i n g  t h i s  t i m e  p e r i o d ,  
i m p l y i n g  t h a t  i n  terms of i o n  c o m p o s i t i o n ,  t h e  p r e p o n d e r a n c e  
o f  t h e  l i g h t  i o n s  i s  weighted t o w a r d s  l o w e r  l a t i t u d e s .  T h i s  
i n f e r e n c e  f i n d s  s u p p o r t  i n  o b s e r v a t i o n s  of  i o n  c o m p o s f t i o n  
on t h e  A r i e l  s a t e l l i t e  (Bowen et al, 1 9 6 4 ) .  If such  a 
l a t i t u d e  g r a d i e n t  of  i o n  c o m p o s i t i o n  d o e s  i n d e e d  exist  even 
d u r i n g  the  day, t h e n  t h e  l a t i t u d e - g r a d i e n t  i n  e l e c t r o n  temper-  
a t u r e  would be even  l a r g e r  t h a n  t h a t  a p p a r e n t  f r o m  t h e  daytime 
sca le  h e i g h t s  f o r  t h e  t w o  l a t i t u d e  r a n g e s .  I o n  c o m p o s i t i o n ,  
o r  ra ther  t h e  mean i o n i c  mass m, at  500 km,  c a n  be i n f e r r e d  
f r o m  the  scale  h e i g h t  i f  a s s u m p t i o n s  are made c o n c e r n i n g  t h e  

e l e c t r o n  and i o n  t e m p e r a t u r e s .  Assuming f i r s t ,  t h a t  thermal e q u i l -  
i b r i u m  p r e v a i l s  d u r i n g  t h e  n i g h t ,  t h e n  a t  0400 IXT ( c o r r e s p o n d i n g  
t o  t he  d i u r n a l  t e m p e r a t u r e  minimum) Te  = T i  = Tn 

I '  t he  t i m e  p e r i o d  u n d e r  c o n s i d e r a t i o n .  A c c o r d i n g l y ,  t h e  meam 
i o n i c  mass a t  500 km i s  mi 

m, 

Dur ing  t h e  ear ly  morning  h o u r s  

I -  

4- 

7 0 0 ° K  f o r  

I 

8 AMU a t  l a t i t u d e s  40°N t o  4 5 O N  and  

3 AMU a t  l a t i t u d e s  35'N t o  4 0 ° N .  

1 %  
The t r e n d  seems t o  be 
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reversed i n  t h e  l a t e  e v e n i n g  h o u r s  when t h e  scale  h e i g h t s  
are g r e a t e r  a t  h i g h e r  l a t i t u d e s  t h a n  a.t t h e  l o w e r  l a t i t u d e s .  
However, t h e  a s s u m p t i o n  of t h e r m a l  e q u i l i b r i u m  m a y  n o t  h o l d  
even  d u r i n g  t h e  n i g h t ,  s i n c e  e l e c t r o n  t e m p e r a t u r e s  Te  
have b e e n  o b s e r v e d  a t  n i g h t t i m e  ( B r a c e  - e t  -7 a1 1 9 6 4 )  which  

are i n  excess of t h e  e s t i m a t e d  n e u t r a l  g a s  t e m p e r a t u r e  f o r  
t h e  c o r r e s p o n d i n g  t i m e  p e r i o d .  I n  t h i s  case t h e  mean i o n i c  
masses q u o t e d  above  would be increased t o  m+ 
(40°N t o  45'N) and  m, 
it is q u i t e  o b v i o u s  t h a t  t h e  l i g h t  i o n i c  c o n s t i t u e n t s  must  
become i m p o r t a n t  durEng t h e  n i g h t  even  at a l t i t u d e s  a s  low 
as 500 km. 

1000°K 

10 AMU 

I n  any event ,  8 AMU (35'N t o  4 0 ° N ) .  

It i s  i n t e r e s t i n g  t o  compare t h e  scale h e i g h t s  a t  500 km 

krL=lth the scale  h e i g h t s  a t  800 km der ived i n  t h e  same f a s n i o n .  
D u r i n g  t h e  n i g h t  (0400 LMT) t h e  r a t i o  of  t h e  scale h e i g h t s  
HI ( 8 0 0 ) / H 1  (500) w 2.5 a t  35'N t o  40°N a n d  a b o u t  2.1 a t  
40°N t o  45'N, w h i l e  d u r i n g  t h e  day (1400 LMT), t h i s  r a t i o  
i s  a b o u t  1 . 9  a t  t h e  l o w e r  l a t i t u d e s  a n d  1 . 6  at  t h e  h i g h e r  
l a t i t u d e s .  T a k i n g  i n t o  a c c o u n t  t h e  a l t i t u d e  v a r i a t i o n  
o f  t h e  a c c e l e r a t i o n  of g r a v i t y  g ,  and  making t h e  same 
a s s u m p t i o n s  c o n c e r n i n g  t h e  e l e c t r o n  and  i o n  t e m p e r a t u r e  as 
b e f o r e ,  it i s  a g a i n  p o s s i b l e  t o  i n f e r  t h e  mean i o n i c  mass 
a t  800 km. Table 1 summarizes  t h e  i n f e r r e d  mean i o n i c  mass 
a t  t h e  two l a t i t u d e  r a n g e s ,  c o n s i d e r e d  here .  

, 

V 
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TABLE 1 

I n f e r r e d  Mean I o n i c  Mass m+ 

0400 LMT 1400 LMT 

A l t i t u d e  Te/Ti,n 35O-4O0N 4O0-45ON 3 5 O - 4 O o N  40°-45'N 

-------- -------- 1 - 7 AMU - 8 AMU 
500 Inn >1 - 8 AMU 10 AMU (16 AMU) (16 AMU) 

1 - 3 AMU - 4 AMU - 6 AMU - 7 AMU 
>1 - 3 . 5 A M l J  - 5 A M U  - 9 AMU - 11 AMU 800 km 

It is o b v i o u s  f rom Table 1 t h a t  l i g h t  i o n i c  c o n s t i t u e n t s  
(He+, H+) mus t  become i m p o r t a n t  at  800 k m  exen  d u r i n g  t h e  

d a y ;  d u r i n g  t h e  n i g h t  @+ mus t  be an  i m p o r t a n t  c o n s t i t u e n t ,  
a t  least  a t  t h e  l o w e r  l a t i t u d e s .  T o  i n f e r  t h e  r e l a t i v e  
abundance  of i o n i c  c o n s t i t u e n t s  becomes somewhat h a z a r d o u s ,  
s i n c e  t h e  a d d i t i o n a l  a s s u m p t i o p  would  h a v e  t o  be made t h a t  t h e  
l i g h t  i o n s  are i n  d i f f u s i v e  e q u i l i b r i u m ,  a n  a s s u m p t i o n  wh&ch 

may n o t  be j u s t i f i e d  even  a t  a l t i t u d e s  as h i g h  as 700 k m  

( B a u e r ,  1964).  

as a n  i n d i c a t o r  of t h e  p r e s e n c e  o f  i o n s  l i g h t e r  t h a n  O + ,  w h i l e  
n o  r e l i a b l e  a n d  u n i q u e  data on t h e  abundance  of t h e  i n d i v i d u a l  
l i g h t  i o n s  c a n  be i n f e r r e d  f rom t h e  e l e c t r o n - i o n  scale h e i g h t  

u n d e r  t he  p r e s e n t  c i r c u m s t a n c e s .  

Thus ,  t h e  mean i o n i c  mass m, c a n  o n l y  be u s e d  
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CONCLUSIONS 

A l t h o u g h  it i s  n o t  p o s s i b l e  by mea.ns of  s a t e l l i t e  o b s e r -  
v a t i o n s  t o  o b t a i n  d i r e c t l y  t h e  t r u e  d i u r n a l  v a r i a t i o n  o f  t h e  
t o p s i d e  i o n o s p h e r e ,  a mean d i u r n a l  v a r i a t i o n  c a n  be c o n s t r u c t e d  
w i t h  p r o p e r  p r e c a u t i o n s  from da i ly  o b s e r v a t i o n s  o v e r  an  
e x t e n d e d  p e r i o d  o f  t i m e .  The mean d i u r n a l  v a r i a t i o n  of  t h e  

t o p s i d e  i o n o s p h e r e  at  m i d - l a t i t u d e s  bzsed on A l o r r e t t e  o b s e r -  
v a t i o n s  from O c t o b e r  t o  December 1962 exhibi ts  t h e  f o l l o w i n g  
f e a t u r e  s : 

1. 

2 .  

? 

3. 

4. 

5. 

T h e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  d i u r n a l  
b e h a v i o r  be tween t h e  l a t i t u d e  r a n g e s  35'N t o  40°N 
a n d  40°N t o  45'N, t h e  boundary  of which a .ppears  t o  
be a s s o c i a t e d  w i t h  t h e  70' m a g n e t i c  d i p  l i n e .  
The v e r t i c a l  c r o s s  s e c t i o n  of  t h e  t o p s i d e  i o n o s p h e r e  
i s  i n d i c a t i v e  o f  a n  e l e c t r o n - i o n  scale h e i g h t  
variable w i t h  a l t i t u d e ,  l a t i t u d e  and t i m e .  
The re  i s  d e f i n i t e  e v i d e n c e  o f  a b s e n c e  o f  t h e r m a l  
e q u i l i b r i u m ,  at  least d u r i n g  t h e  daytime, w i t h  
T e / F a w  2 a t  500 Jan. 
The mean i o n i c  m a s s  i n f e r r e d  f r o m  t h e  sca le  h e i g h t  
i n d i c a t e s  t h a t  t h e  l i g h t  i o n i c  c o n s t i t u e n t s  He+ a n d  
H+ are  already o f  i m p o r t a n c e  d u r i n g  t h e  day a t  800 km 
a n d  d u r i n g  t h e  n i g h t  a t  a n  a l t i t u d e  as low as 500 km. 

There i s  some i n d i c a t i o n  of o p p o s i t e  l a t i t u d e  g r a d i e n t s  
i n  e l e c t r o n  temperature a n d  mea.n i o n i c  mass, t h e  

e $ e c t r o n  t e m p e r a t u r e  i n c r e a s i n g  w i t h  1at i t u d e .  
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FIGURE CAPTIONS 

F i g u r e  1. 

Figure  2 .  

F i g u r e  3. 

F i g u r e  4 .  

F i g u r e  5 .  

F i g u r e  6 .  

Mea.n d i u r n a l  v a r i a t i o n  of  e l e c t r o n  d e n s i t y  a t  
c o n s t a n t  a l t i t u d e s  based on a c t u a l  daCa p o i n t s  
and  f l u x  o f  1 0 . 7  c m  s o l a r  r a d i a t i o n  ( i n  u n i t s  of  
10-22W/m2/cps) a t  times c o r r e s p o n d i n g  t o  t h e  
i o n  os  p h e r i c  measurements  , i n d i c a t i n g  "quas  i-s e a s o n a l "  
e f f e c t s  (27 d a y  cyc le) .  
D i u r n a l  v a r i a t i o n  of e l e c t r o n  d e n s i t y  a t  c o n s t a n t  
a l t i t u d e s  f o r  t h e  l a t i t u d e  r a n g e  40°N t o  45'N, 

( C o r r e c t e d  f o r  q u a s i - s e a s o n a l  e f f e c t s ) .  
D i u r n a l  v a r i a t i o n  of e l e c t r o n  d e n s i t y  a t  c o n s t a n t  
a l t i t u d e s  f o r  t h e  l a t i t u d e  r a n g e  35'N t o  4 0 ° N .  

( C o r r e c t e d  f o r  q u a s i - s e a s o n a l  e f f e c t s ) .  
T i m e  v a r i a t i o n  of  n o r m a l i z e d  e l e c t r o n  d e n s i t y  a t  
f ixed  a l t i t u d e s  i l l u s t r a t i n g  t h e  v a r i a t i o n  w i t h  
a l t i t u d e  of t h e  d i u r n a l  a m p l i t u d e  f o r  t h e  two  
l a t i t u d e  r a n g e s .  
"Mean" e l e c t r o n  d e n s i t y  p r o f i l e s  o f  t h e  m i d - l a t i t u d e  
t o p s i d e  i o n o s p h e r e  c o r r e s p o n d i n g  t o  t imes  o f  t h e  
d i u r n a l  t a m p e r a t u r e  maximum (1400 LMT) and  minimum 
(0400 LMT). 
E l e c t r o n - i o n  scale  h e i g h t s  a t  500 k m  f o r  t h e  two  
m i d - l a t i t u d e  r a n g e s  as a f u n c t i o n  of l o c a l  mean 
t i m e ,  t o g e t h e r  w i t h  c o r r e s p o n d i n g  s c a l e  f o r  t h e  
e f f ec t ive  c h a r g e d  p a r t i c l e  t e m p e r a t u r e  (Te+Ti)/2, 
a s suming  m+ = 16. 

h e i g h t s  i n  terms of e l e c t r o n  t e m p e r a t u r e  T e  and  
mean i o n i c  m a s s  m+ is d i s c u s s e d  i n  t h e  t e x t .  

The i n t e r p r e t a t i o n  of  sca le  
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